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METHODS AND COSTS OF CONCENTRATING TUNGSTEN ORES 
AT ATOLIA, SAN BERNARDINO COUNTY, CALIF. ' 


By W. 0. Vanderburg? 
INTRODUCTION 


This paper describing the methods of concentrating tungsten ores at the mills of the 
Atolia Mining Co. is one of a series of similar papers being prepared by the United States 
Bureau of Mines. 

Tre writer acknowledges the assistance and cooperation of A. V. Udell, president, Louis 
Warnken, bookkeeper, and C. K. Dennis, superintendent, of the Atolia Mining Co. in the pre- 
paration of this paper. 

The Atolia district is in the western part of San Bernardino County near its boundary 
with Kern County, Calif. The district lies in the northern part of the Mohave desert, 40 
wiles east of the town of Mohave and 23 miles north of Kramer. The latter is a station on 
the Atchison, Topeka and Santa Fe Railroad and it is the southern terminus of a branch line 
to Johannesburg via Atolia. Train service over the branch railroad at present is weekly. 
The district is also accessible from Mohave by automobile stage which is operated on a daily 
schedule. 

The Atolia Mining Co. owns two concentrators; one of the mills is vsed for concentrating 
scheelite obtained from placer operations, and the other for treating scheelite ore mined 
underground from fissure veins. The capacity of the placer concentrator is about 500 tons 
per day when operated in two shifts of 8 hours each. The Union mill for treating the ore 
derived from underground mining operations has a maximum capacity of 100 tons per day when 
operated in three shifts of 8 hours each. Both mills employ gravity concentration methods. 
At this time, January, 1931, only the placer concentrator is being operated. 

Electric power is purchased from the Southern Sierras Power Co. at a rate of about 2 
cents per kilowatt-hour. The power is transmitted from the hydroelectric plants in the 
Sierra Nevada to the Randsburg substation at 22,000 volts, and from Randsburg to Atolia, a 
distance of 4 miles, it is transmitted at 2,200 volts. For use in the mine and mills it is 
stepped down to 440, 220, or 110 volts. 


Water for mill use is obtained from a well sunk to a depth of 200 feet in the valley 7 
miles east of Atolia. This water is highly charged with chlorides and sulphates and is not 
fit for domestic use. As all-gravity methods of concentration are employed, the water is 
Suitable for milling purposes. The water is pumped from the well to the mill storage tanks 
in two stages. From the well it. is pumped through a 10-inch casing into a 5-inch riveted 
iron pipe line by a deep-well turbine; a relay centrifugal pump forces the water through the 
S-inch pipe line into three redwood-stave mill storage tanks which have a combined capacity 
of 385,000 gallons. The lift from the well to the storage tanks is about 650 feet. 


° Ge ae 


Gea we * Ge Ge aeues 


1 = The Bureau of Mines will welcome reprinting of tnis paper provided the following footnote acknowledgment is used: 
"Reprinted from U. S. Bureau of Mines Information Circular No. 6552." 
2- Associate mining engineer, U. S. Bureau of Mines. 
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Water for domestic use is obtained from the 1,000-foot level of the Union mine. Before 
the above sources of water were developed both domestic and milling water were obtained from 
a number of wells in the vicinity and large amounts were shipped to Atolia in railroad tank 
cars from wells west of Kramer, 40 miles distant. 


ORE TREATED 


The placer scheelite occurs in alluvium which is mostly the size of coarse sand and gravel. 
The alluvium is composed largely of detrital material resulting from the disintegration of 
quartZ monzonite, which is the principal rock of the district. The scheelite nuggets in the 
alluvium, which have been concentrated into numerous small channels by heavy rains, vary in 
size from sand particles to that of small potatoes, which are termed "Spuds" by the miners. 
During the World War the larger nuggets were an important source of scheelite. Bowlders of 
almost pure scheelite weighing several hundred pounds each have been found but are of rare 
occurrence. 

The area of placer ground worked up to the present time is about 1 mile long and about 
1/2 mile wide. The depth of the alluvium varies from several feet to a maximum of 150 feet. 
The maximum depth which can be worked economically by present methods is about 30 feet, due 
to the existence of barren strata between the upper and lower channels of concentration. An 
important feature in the recovery of scheelite from placer operations is the fact that the 
material is loosely cemented so that blasting is not necessary in mining operations. 

The ore mined underground, principally by shrinkage and open-stope methods, occurs in 
fissure veins in a country rock of quartz monzonite. The veins vary in width from several 
inches up to 5 feet, with occasional lenses of ore as wide as 20 feet. The scheelite occurs 
as crystals embedded in fine-grained quartz. The cleavage faces of the crystals vary from 
1/8 to 1/4 inch in diameter, and in the high-grade ore the growth of the crystals close to— 
gether has resulted in a crystalline aggregate of indefinite form and of almost pure schee— 
lite. 

The objectionable elements found in the mine ore from a marketing viewpoint are phos— 
phorus and sulphur. The phosphorus is present as apatite and the sulphur as pyrite. Magne— 
tite, locally termed "black sand," also occurs in the ore and in the uncleaned concentrates. 
The phosphorus, Sulphur, and magnetite contents are reduced in the final concentrates by 
roasting and magnetic concentration. 

The scheelite is very brittle and for this reason crushing of the ore, preliminary to 
concentration, is not finer than 1/8 to 1/4 inch, depending on the character and the grade of 
the ore. Finer orushing or grinding of Atolia ore results in the loss of a large percentage 
of scheelite in the slimes and an increase of impurities in the concentrates. 


PRODUCTION 


The value of the total production of scheelite concentrates from the Atolia district has 
amounted to approximately $13,000,000. A large portion of this amount was produced during 
the World War, when abnormally high prices prevailed. . — é oe x 3 
The production record from the properties of the Atolia Mining Co. from 1909 to November 1, 
1930, is given in the table which follows: 
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Production record of the Atolia Mining Co. properties 


| | Units of WO; | Average 
Year |Ore mined, tons produced selling price 
= per ton of ore per unit 
1909 5,182 6.22 $5.83 
1910 6,780 4.05 8.48 
1911 4,856 3.48 6.37 
1912 8,043 3.24 8.10 
1913 7,592 4.06 | 7.98 
1914 4,829 : 6.07 6.50 
1915 8,994 6.00 14.03 
1916 17,4066 | 6.28 33.74 
1917 22,064 | 4.81 18.54 
1918 28,071 2.37 25.11 
1919! - - - 
1924 665? 15.516 8.28 
1925 8,492 3.111 9.45 
1926 19,360 | 1.027 12.60 
1927. | = 18,160 0.880 10.80 
i928 | 78,934 0.222 10.52 
1929 161,943 0.075 11.66 
1930 106,122 - - 


l = Properties idle from 1919 to 1923. 
2 — Lease ore. 
S —- Ten months. 


BRIEF HISTORY 


During the early days of gold mining in the vicinity of Randsburg, which was discovered 
in 1897, a heavy white mineral interfered with the concentration of the gold. This mineral 
was identified as scheelite in 1903, and the location or claims followed. A subsequent con- 
solidation of these claims developed into the Atolia Mining Co., which was organized in 1906. 

Prior to the World War the importance of the Atolia district as a producer of tungsten 
was small, as the prevailing price per unit of WO3 was insufficient to arouse interest. 
When the Allies began to organize their munitions departments on an extensive scale, large 
quantities of high-speed steel for cutting tools were required, and the use of tungsten in 
alloy steels inoreased greatly. The price increased from around $7.50 per unit of 20 pounds 
of tunstic acid content to as high as $80 per unit. Intense activity prevailed in the Atolia 
district, and a mill for the concentration of mine ore was built. This mill had capacity for 
the treatment of 75 tons of ore per day. The method of concentration was briefly as follows: 
Crushing and grinding was done in a Blake-type crusher followed by two Huntington mills and 
a Marcy ball mill. The ball-mill discharge was deslimed by a Dorr duplex classifier; Callow 
cones were used for thickening the slime pulp. Concentration was effected by Deister tables. 
Tailings were dewatered in an Oliver continuous filter, and the filter cake was transported 
to the tailings pile by belt conveyer. The slime tailings were impounded in a separate pond 
for future treatment. | 

- With the fine grinding of the ore as practiced in this flow sheet, a large amount of the 
scheelite was lost in the slimes. The slime tailings produced in this first mill amount to 
approximately 75,000 tons and contain about 1.5 per cent of tungstic acid. Experimental work 
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for the recovery of the scheelite in these slime tailings by flotation methods is being done, 
and the results so far are encouraging. 

From 1919 to 19235 tre mines of the district were closed down, as the accumulated stocks 
of tungsten concentrates which were thrown on the market after the war sufficed to meet the 
peace—time requirements for the metal for a number of years. The Atolia mines were able to 
resume operations in 1923 because of a tariff passed in September, 1922. The 1923 tungsten 
tariff exsounted to $7.43 per unit of 20 pounds of WO3, and in 1929 this was increased to 
$7.93 per unit. 

The mill for concentrating the placer ore was built in 1926, and the present mill for 
the treatment of mine ore, called the Union mill, was constructed in 1928. 


TREATMENT OF PLACER ORE 


The concentrator for the treatment of placer ore occupies a comparatively level site, 
and consequently the ore must be elevated for treatment. The scheelite concentrates produced 
per ton of placer material average a little over 1 1/2 pounds, so that the treatment of this 
material must of necessity be very simple. The unique feature of the concentrator is the 
largs amount of material handled compared to the size of the plant. The maximum capacity of 
the mill when operating on a 3—shift basis is about 800 tons and the entire floor area of the 
plant occupies about 1,600 square feet. A crew of 16 men is required to handle about 500 
tons per day. The direct cost of mining and concentrating the placer ore for the first 10 
montns of 1930 was 37 cents per ton. 

The flow sheet of the placer-ore concentratur is shown in Figure l. 


Mining 


the alluvium in which the scheelite occurs is mined with a revolving—-type shovel mounted 
on caterpillars. The dipper has a capacity of 1 ton and is equipped with manganese—steel 
teeth to which stellite tips are welded. Two trucks with capacities of 7 3/4 and 5 1/4 tons, 
respectively, are employed to haul the placer ore from the shovel to the dumping platform, a 
disiance which averages about 1,000 feet. The trucks are driven up an incline to the dumping 
platform, where the ore is discharged onto a grizzly with 6-inch openings placed over the top 
of a bin. The oversize material is broken by hand sledges. 


screening 


From the bin the ore passes to an inclined conveyor belt which carries it to a disin- 
tegrator. Referring to Figure 2, this disintegrator is composed of a trommel soreen and a 
number of hammers mounted on a shaft which is independent of the trommel. The trommel re— 
volves counter to the shaft to which the hammers are attached, and the oversize material is 
broken by the hammers to pass through the trommel openings. The trommel is 4 feet in dian 
eter by 8 feet long and is made of 5/8 inch steel plate with 2-inch round perforations. It 
is mounted horizontally on two sets of rollers, one of which is equipped with chain-and—- 
sprocket drive. 

Twelve 16—pound manganese-steel hammers, each 3 inches square and 6 inches long, are 
attached to the shaft by chains and clamps. The clamps are held in position by bolts through 
the shaft. The steel shaft is 5 7/16 inches in diameter. The hammers revolve at a speed of 
50 r.p.m. The loosely cemented gravel and the partially disintegrated quartz monzonite are 
eaSily broken by this machine. 
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The screen undersize material falls by gravity into a 400-ton capacity wocden bin. From 
this bin the ore is transported by conveyor belt and bucxet elevator to the mill storage 
bins, which have a combined capacity of 250 tons. 


Jigging and Tabling 


From the mill bins the ore is fed to four 2—compartment Harz—type jigs by hopper feeders 
and feed belts; one belt serves each jig. The jigs are equipped with 25 by 34 inch sieves 
which have 0.05—inch openings. The plungers are operated with a 5/8-inch stroke and at 

speed of 150 strokes per minute. The height of bed is about 10 inches. 

The jigs produce three products; namely, concentrates, hutch, and tailings. The con- 
centrates are usually removed from the jigs by hand skimming at the end of every two shifts. 
The hutch products, which comprise approximately 25 per cent of the mill feed, are collected 
in a common sump and from here are pumped to either of two Overstrom concentrating tables for 
additional cleaning. The tables produce concentrates, middlings, and tailings. The table 
concentrates which contain large amounts of magnetite or so called "black sands" are collec-~ 
ted each day and sent to a magnetic separator for the removal of the "black sands." The 
table middlings are returned to the tables and the table tailings join the jig tailings for 
dewatering in drag classifiers. 


Magnetic Separation and Sacking of Concentrates 


The table concentrates are dried on a wood-fired oven and shoveled into a hopper which 
feeds the magnetic separator. The separator is a 4—pole Wetherill machine equipped with a 
roll feeder. The magnets are wound for 30,000 and 60,000 ampere turns, respectively. The 
voltage employed is 120, and the current for the first pair of poles is 1.5 amperes and for 
the second pair 6.0 amperes. Cross-conveyor belts are used to carry the magnetic material 
out of the magnetic field. The cross—conveyor belts are made of used inner tubes from high- 
pressure automobile tires. The scheelite is discharged from the separator into a wheel- 
barrow. 

The jig concentrates are crushed to 3/4—inch size in a laboratory Blake-type crusher. 
after which the jig and cleaned table concentrates are mixed by hand and sacked in double 
burlap and canvas sacks for shipment. The placer concentrates contain approximately 62 per 
cent of tungstic acid and 0.010 per cent of phosphorus. The amount of sulphur in this pro-—- 
duct is negligible. 


Dewatering and Disposal of Tailings 


As previously mentioned, the jig and table tailings join for dewatering in drag classi- 
fiers. Referring to Figure 5, the classifiers are equipped with drags made of 3 1/4<inch 
angle irons 16 inches long bolted to 5—ply rubber=-surfaced belts 16 inches wide. The angles 
are spaced 6 inches apart. Each drag is driven at a speed of 30 f.p.m. by chain-and—sprocket 
drive connected to the head pulley. The launder in which the drag operates is 12 by 24 
aucnes in cross section, is made of 2-inch planks, and has a slope of 5 inches per foot. 

The dewatered tailings are carried by conveyor and stacking belts to the waste dump. 

The overflow products from the drag classifiers go to sumps and from there are pumped to 
ime head of a settling pond. Clear wator is reclaimed from this pond and is returned to the 
mill water supply tanks by pumping. 

The mined-out placer channels are utilized for settling ponds, and when one is full 
another is used. Ths sides of the settling ponds are built up by means of the power shovel. 
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Recovery 


The recovery of placer scheelite is estimated to be about 70 per ceat. Tne losses in 
concentration are due to causes which follow: (a) Scheelite mechanically locked with quartz, 
(b) scheelite intermixed with placer gravel which has not been disintegrated, and (c) schee-= 
lite in slimes which can not be recovered by tables. 


TREATMENT OF MINE ORE 


General 


At the present time, January, 1931, the Union concentrator, erected for the treatment 
mins of ore, is not operating due to the low price of tungsten concentrates. This concen— 
trator was last operated in 1929 for the treatment of low-grade dump ore which contained 
actout 6 pounds of scheelite per ton. When operating on mine ore the treatment is practically 
the same as that of the dump material, except that mine ore is crushed to 1/8=-inch as com 
pared to 1/4-inch size for dump material prior to concentration. The flow sheet of the Union 
concentrator is shown in Figure 4. 

When the concentrator operates on dump ore the material is hauled to the shaft pocket 
on the surface and hoisted from the shaft pocket to the shaft ore bin, a distance of about 80 
feet. In 1929, the loading and hauling from the dumps were done on contract at an average 
rate of 38 cents per ton. 


Sorting 


From the shaft bin the ore passes to a revolving disk grizzly 2 1/2 feet in diameter, 
having S-inch spaces. The oversize passes onto a sorting belt from which.pieces of ore are 
picked off by a sorter and dropped into a bin with the grizzly undersize. The waste rejected 
-at the sorting belt comprises about 25 per cent of the dump material. 


Crushing 


From the storage bin, the grizzly undersize and the sorted ore are fed by gravity to a 
10 by 16 inch Blake-type crusher equipped with corrugated manganese=—stesl wearing plates. 
The crushed product, minus 2-—inch size, is conveyed by belt and elevator to an inclined vi- 
bratory screen having 1/4-inch openings. The oversize of the screen is discharged directly 
into a 3-foot Symons cone crusher set to crush to 1/4-inch size. The crusher product is re- 
turned to the elevator which feeds the vibratory screen. The screen undersize product, minus 
1/4-inch size, is conveyed by a belt to the fine-ore bin. 


screening 


The fine-ore bin delivers feed to the mill at a uniform rate by means of a reciprocating 
type feeder. The feeder discharges the material to a bucket elevator which feeds a staticn- 
ary inclined screen, 2 feet wide and 5 feet long. The oversize, plus 0.0425-incn, is con- 
centrated by jigs and the undersize by tables. 


Jigging 
A Traylor 2~-compartment fixed sieve jig is used for the concentration of the coarser 


scneelite. The jig screens are 17 1/2 by 27 inches =n size ani are equipped with 0.045—-incn 
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openings. The concentrates are removed from the jig bed by hand skimming. The hutch joins 
the inclined screen undersize product and flows by gravity to either of two concentrating 
tables. The jig tailings are conveyed by launder to the dewatering drag classifiers. 


Tabling 


Two Overstrom single-deck tables are used for the concentration of the scheelite con- 
tained in the sand products. The table middlings are returned by pump to the tables, and the 
tailings are conveyed to the dewatering drag classifiers. The tables recover about 90 per 
cent of the total scheelite produced, and the table concentrates have the following analysis: 


lper cent 
WO3...... ....8 40.0 
Dac aietientie 8.0 
| eRe eee 0.15 


The sulphur and phosphorus occur in pyrite and apatite, respectively. The concentrates 
also contain magnetite. 


Magnetic Separation and Roasting 


The table concentrates, after drying, are fed to a Wetherill magnetic separator for the 
removal of the magnetite. The scheelite product is then roasted in an 8—hearth oil-—fired 
Herreshoff furnace, 3 feet in diameter and 6 feet high. The pyrite is changed to a magnetic 
product, and the apatite decrepitates during the roasting operation, which results in approx-— 
imately 75 per cent of the phosphorus being removed in the furnace dust. The roasted con—- 
centrates are again treated by the Wetherill separator for the removal of the magnetic py- 
ritic material. The jig and cleaned table concentrates are mixed by hand and sacked in 
double canvas and burlap sacks for shipment. Each sack holds about 120 pounds of concen-— 
trates. The analysis of one carload shipment follows: 


Per cent 


WO3g...........8. 66.58 
Sulphur...... 0.16 
Phosphorus 0.034 
Arsenic...... 0.007 
TAN ciccsurtns None 


ne Trace 


Dewatering 


The dewatering drag used at the Union concentrator is of the same design as that de-— 
scribed in the placer ore mill. The coarse material is conveyed to the waste dump by a 
stacker belt, and the slimes are conveyed by launder to an earth-wall settling pond. The 
reclaimed water is returned by pump from the settling pond to the mill storage tanks. 
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Recovery 
Y ee as : 
Tne recovery of stheelite from dump material is estimated to be about 86 per sent. ‘The ~ 
tailings contain about 1 pound of scheelite per ton. The loss of scheelite in the tailings 
is partly due to included grains and partly due to slimed scheelite which is not readily re- 
covered by gravity methods of concentrating. 
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Analytical methods are not employed for mill-control purposes. The specific gravity of 
scneelite is high in comparison with the associated gangue minerals, so that close estimates 
can be made by means of gravity separation with-a pan. —- 

The tungstic acid content of concentrates is determined by a specific-gravity method. 
This method is accurate to within 2 per cent on Atolia ooncentrates, as the gangue impurities 
are fairly uniform in specific gravity. -The apparatus required comprises a 500 c.c. flask 
graduated in 5 c.c. units and a scale which weighs:in grams and which has a capacity of at 
least 200 grams. 

The operation consists in grinding a representative sample of concentrates to 10—mesh 
size. Water is poured into the graduated flask until the 400-c.c..mark is reached, after 
which a sample of concentrates weighing 200 grams is poured into the flask. -The volume of 
the water and solids in the flask is then read and the tungstic acid content of the concen~ 
trates is calculated as follows: 


Let T equal the combined volume of water and solids in cubic centimeters; Yivr’ 315 


then (T-400) equals the volume of water displaced by 200 grams of concentrates; °° 
and _200. is the specific gravity of the concentrates. : 
T-400 


Tue percentage of tungstic acid in the concentrates is then found in Table 1. The data 
in this table are based on the assumption that all gangue material has the specific gravity 
of quartz. 


Concentrates are sold through a broker on analyses made by custom assayers. 
METALLURGICAL DATA 

Metallurgical data for the Placer concentrator for 10 months of 1930 are presented in 
Table 2. | 

Metallurgical data for the Union concentrator for 1S29 are given in Table 3. 

COSTS 

A summary of costs for the Placer concentrator for 10 months of 1930 is presented in 

Table 4. Table 5 gives labor and power distributions for the same plant over the same period 


A summary of costs for the Union concentrator for 1929 is given in Table 6. Table 7 
presents labor and power distributions for the Union concentrator over the same period. 
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Specific |Per cent Specific |Per cent |Specific|Per cent |Specific |Per cent 
O03 |gravity 


3.00 15.40 
3.10 18.40 


3.20 21.20 © 
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62.40 | 5.24 
62.80 | 5.25 
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63.30 | 5.28 
63.40 | 5.29 
63.60 | 5.30 
63.70 | 5.31 
63.80 | 5.32 
64.10 | 5.33 
64.20 | 5.34 
64.30 | 5.35 
64.40 | 5 
64.50 | 5.37 
64.70 | 5.38 
64.80 | 5.39 
65.00 | 5.40 
65.20 | 5.41 
65.40 | 5.42 
65.50 | 5.43 
65.60 | 5.44 
65.80 | 5.45 
66.00 | 5.46 
66.10 | 5.47 
66.30 | 5.48 
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Table 2.——Metallurgical datg for the Placer concentrator 


for 10 months of 1930 
Ore mined: and: mite? 1c at & eileen sedua weavers Grctnd meine en enral eee tons 106,122 
Operating timeiisn.< sess Maine ow ots Battie nates eke ja Bunce eae sees days 262 
Average ore treated per day... ce eeeece ceveseeee bo teeee seen vente: tons / 405 
CONCONTTAtES PTOGUCO Gaui dinnsdodn aateisaenpayseentunaainescdadiaeaeee bedudeachonana weietabens pounds 155,151 
Average concentrates produced per ton of ore milled............... pounds 1.46 
Jigs: 
Concentrates produced by JigS.....0 00 lec cece cece teen eee per oe of total 
Operating Time -ol 14.69% 0005 i. hin calles ete adanewelnaet Gacadarelen weer a - 
Average concentrates produced by jigs per day............ 0.0... Sis 2.2 
Analyses of jig concentrates: 
WO ea seiche ahs Wale tuck tetacdenseicew ee spite, uae aheceaia eaten he cae he eassnsaet per cent | 60 
Pie let regu sedacess Bie te aegis sig stanguntd eee Neel ei lets atiaess do. 0.010 
Tables: 
Concentrates produced by tables........00.0 00 ee. ee eee per cent of total 15 
WOg in table concentrates... cee ie cece tee tee nte te neaee per cent 73 
COnCeNtraClOn: TO010: i, ok host eel acetate eee Maciel Se tons into l 1,369 
Net water used per ton of ore milled... ee creeee rete gallons 150 
Table 3.——-Metallurgical data for the Union concentrator, 1929 
Ore milled... septate aca a Rac Nudie tere ba eater Coals edn eae aa ett eset ete: tons 55,104 
Operating. tle ise cscs anew tee ow ahead, ee ane aa Been days 516 
Average ore treated per day......... 00.0 ee. Sapcda tthe hes Fi >, See tons 151 
Operating time of crushing Gepar (MeN Uy. hice alerts soicaek aden is hours per day 16 
Operating time-of milling department.............. whoa toasnin snug eneeae do. 24 
Concentrates produced... eee cece eee cerns ey eres =e pounds 275,890 
Average concentrates produced per day............. detested fecdcetetie aoe do. 8735.1 
Average concentrates produced per ton of ore milled............... ie do. 5.0 
Jigs: 
Concentrates produced by jigs... ee ee ras per cent of total 10 
Analyses of jig concentrates: | 
HO peti ces 6. ats es arene eats eee ae Messe ee per cent | 65 
SS iciadda tig Acker aeien stat ea anne es eiicseeioenedee bs os aieeacuen et ens do. 0.02 
Pita), 2 decesg nce ese Masaya Saag oath atin ate at eons a do. 0.025 
Tables: | 
Concentrates produced by tables........... tai baateoanrobens Gd tanh ttc per cent of total | 90 
Analyses of table concentrates: | 
Dae ard ta seta ciate rte Ah ate hte dt cae, tated pee per cent | 40 
ee sets diet Sitar eats acta te Soot AS et edict ac x pe Ss et do. | 8.0 
P iiatsohi vate ear cad Oh hateiaper a bute een anegenraaagadetn Mead Aaa teutnianlan eaneatineae: do. Q.1& 
Analyses of table concentrates after Fone tine and magnetic separation: 
Nas ered teat che eda sees tae eae tae coe eee es per cent 67 
Bote ee Resta ae tl nt Seems ch ene ane vee emesis do. 0.5 
Pisce datiecutae ie tel ineiiscau-e oad ua pega eae elec ante i aaah and Salta ed, Meciecas do. 0.08 
Concentration ratio........ hes coaseeueanenine rere a poeitrle Rath eich came haateeeo ai iae tons into l 400 
Net water used per ton of ore milled... wu... sign paces eects aes gallons 150 
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Table 4.—Summary of direct costs at the Placer concentrator 
for 10 months of 1930 


Dollars per ton of ore milled 
Labor |Power_ |Supplies |Totals 


Mining and trucking; 0.040 = 0.060 | 0.100 
BY Ge 6 0) cee ere -127| 0.040 .030 .197 
Water supply.............. .030 .020 025 O75 

TOCAS 25 arta 0.197; 0.060| 0.115 | 0.372 


Table 5.--Distributions of labor and power 
at the Placer concentrator for 10 months of 1930 


DADOE sso coccuaniceceaeiuseiueiinateadiancennn eas deeeteetidhane (man-hours per ton) 
SUDOL IN LON GOMOG seis iiss age ese and weed ig ei add ede ane 0.020 
TIUCKING since ssa Seite sce adto neta ii etn Ges ara A sat AD Ge Don read eB a nete nia Teese .039 
NOVO LAG i so:5 nee eta tierce Batching pei vie Ran ace tt eet Ged een ae Ni Neca Partial Die tic late te sale tees tet chahes .020 
GPiZZlyGeO scccnidriauisa tice eickinente Ree BD aioe ah wes iiatane A Uetcca iA is: Yaa Sol aie Minted aid hee .015 
Screening...... sa cysts oes else Eade ate decided he eos oe naep seca AS tenner ana ssaatin seatenaa ce .020 
COM Vy Ln sa sisaacoteel sce scse esc ascents sc ineeem arsa area Res atest aanilarelnn oes aanlin oor teee eats oa: 006 
PI & 6 1 \” aie a Rn Pe fee ca ee Tne ne ee eet ae Pee eee rae ee ey nee ene ene er ene 062 
TD LT 0 ices 3 eal er Gotti it nc wa 20 eee eel do leas dete ne oes teen easton .018 
DOW COT 1 Wei ied acl a ee ee a ee de ee ee 012 
Maintenance............. Pe Se OTN Tena ne oR TRE en eet ete eg teen etre Ore eee a my aaeY eer eee rere .020 
ght op be 00 SRMUmre Ute amt RE Reretiy etme Comm NORTE EY ew er meee Ry TE Te Mee OP creer een ee Te Ue nee ee RCN re er renee 042 
Magnetic separation and Sacking.......0.0....0 ccc cece tree eet c eee e ere eet eeenineeeeeeeaneeeeeeaan ___. : 008 
sho 2. 10 DR Coe ER nee Pt YT eee nS eM TTORETC YATE ONSET Rhy ie ORE OR REET CEE NRE Cre 0.282 
Average, ore treated per S—hour maneshift.... tons 28.4 
POWG FS ics bo Sacey Yoo earn: beret earhsaeieeialaadeaeademn Aste trl (kw.-h. per ton of ore mined and milled) 
Conveying 
Soreening 
IAG terse sina eine avaecliierre a asec tigger ea nad gaa aries ane utes 
OR VAS coher oes sence ep ic tka ene 
LoS ENA ap 0 7 - eee eee ee ate oe ene ae eee ee Oe ny eee tert ee ee Cane rey eee ert nr eee rere eee 
PMS OG eet t tetera eae eee tees seta eet eoomnasd es Seaomsnneb aca dt ancais 


Total 
ODD 1 2 Osis Acie Heiedavalece Secna et eeeranee ed eons 
POW OE eee eco keaet yee ae ie nase eater ee eeens 
Labor............. Lica ebgaecatsueea rag iaitsel casioa spat pateeniaaeinlaiiates 
Total 
9910 -ill- 
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Table 6.—Summary_of direct costs at the Union concentrator, 1929 


[Dollars per ton of ore milled 
___ [Labor Power Supplies |Totals 


Loading and hauling | - - - 19.381 
ie aS Ga We - Se | 0.458) 0.123! 0.163 .744 
Water supply.............. .033 .046 .020 .099 


Total...........| 0.491} 0.169; 0.183 | 1.224 


1 ~ Loading and hauling were done on contract at 
rates varying from $0.30 to $0.50 per ton, 
depending on the distance of haul. 


Table 7.——Distributions of labor and power 
at the Union concentrator, 1929 


eA DO es aire ode a etia ate etic camanancamarpeteuin eases aay de realees Cries tae eter (man—hours per ton) 

DUPE 1 CONGO NC sae it Rees ens en, arts Milne tet to deedie. me tesloue we bei BAe dee doi nla Womans adeno 0.046 
HOLS CU ess. esa dees pccipernaa dt debe in Genihads Spee i Met artes ohele tg ahedliseast ects iC aaieeS u aca va tuto ebsabes Een epee .092 
Crushing..... ........ Meet acte cielo Nete SALE 1 abe asta sean diia epeacan pag ieee toe atta esane cin em suka teen tase ent pds wel a: . 086 
Grizzlymen... cece cee cececeeee ce veces svete tate veveete ee Cer nr rt eee | 043 
SOCCING: . aiiiot cents Ais teatabaaciees, he aces aese sensen tet ah Oe ol SI oh Gc Saari aaa Loaguaenek eee neces : .046 
OP NN seein acid ec taengheee ad reseer-ccanteaticdeanhons ADsaaeestanadisscioe sd iete ecatectasere sineeieecahteeMeaseneseeiee | 074 
Tabline ow... a ene Sten sla rice cen iat hs hand Vette ste ceeds eal ace ane ee eee ee = shebianbaat altednmbeane .049 
DG WS Te oer he ea resen Gries Aa Misa O Rie ear a eee othe Benen tar il eimenaNeapis Ia Aen OR jaGa amicus de naan 025 
Pumping...........0....0..... Peps Pe ene Spares ive ciate, Secatecaaw Brena Shas ete ee en ee ac ae ed la Bee ee ge oe .025 
Maintenance ...... Sotiah aiitagtacs, carne Ne Lae: tah coh Pen i out tet Ra edhe ach nahn eatin sad Mates Semele ung aea eaten ses | .O77 
Magnetic separation and sachine Gigs Reece guns Jorn. eae ahd dia ADR ah. Siok aachcgn snags alates: aasik Intel aaa deans tscet to 025 
BOB nen oe gen mn to nn me 0.588 

Average ore treated per 8—hour man—Shift.. 0000 ee ccecee ceceeececseteseeeens pee ues tons| 13.6 

POWOT 24 i Gis te eee, Ee ere a ces ateas es dass tile hattaus aeee’ (kw.-h. per ton ore milled) 

Conveying ....... Ss tes Aimee hawt asin WATE eee bie Snir: _ inated yaa ttn, Docent eine daar ekeh teste Mehctasthel as Ree 1.395 
Crushing....... se asat Lan ec St es esey ese ten decease hats eel ah ese aa Se eine ted da tn A oe tao eee tags 3.348 
FOL SUL Gree int Sees dig an dang uat Sale auc, pe te yee wale cee lat ote anes, . 558 
Screening pce ees greed rial Pr Snes heer sh cag tidak sida ae nacre Pashers a cata ons te ranen tel aiteseasreetae? | . 186 
PAD LING icc ommend teeters sah sare esas ete eee sya ge san ae acim cee ankle 1p eons sacaie es .958 
Jigging.... oo 8, POR a ne ee ee ee ee er ee ees. etre, atten Geta take So nlits Sas teueeans .558 
| OT 2hg2 aA: B a) i 0h: ae anny a ae ewe ie RCE ee Ra RES See Re Sree SEER Oa RTE SNC ORR ie cit) eR ee ee Te) aE Oe PO TTR Te COI 279 
Pumping and WateEr “SUPP 1 Ve. dicisicnci esse avian th 0 negad Lacaechinsa- un comietaedtndd: davue sida a Aualnaden” setans. Meateks 2.329 
Magnetic separation ....... 0.000000. 00... ere eee Sc BeiseDrod nled at teeth fie Sena atu setes Steg luee-aanahueiee | 093 
PEDO Lehn ate cae sa, ashe ola pace tee tet acento ot ty ala cols cee Ueda aces hhc dats cia’ arene denned 9.300 

Supplies ad atin cas hetee cata ane Panes ah ttantigie Wind aicteatents per cent of total cost| 21 7} 

OWS otc tas at dete de teed Pees , do. 20.0! 
EOE esas dee eee oe ae ete ee ce ate to eae eeeaneas do _58.3!. 

TOC) scrrse et ceo titres tan tae te aoe tc actiali ters ase sated dn atites tetanus veadeoay dlgebaecasteaeeage leanne sede ten iasteaaiee eure meinen 100.0 


1 = Does not include cost of loading and hauling given in Table 6. 
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Manganese-steel hammers, 16-Ib. each 
Chain-and-sprocket drive for trommel Flanged wheels 


Figure 2.—Disintegrator 


Chain-and-sprocket drive 
16-inch diameter head pulley 


g 
\o one ; 16 \n 
sm on ee : zs Pry of | 
Discharge launder from jigs | oN ranee ASEES \ 
4%s-foot diameter tail pulley ct Se nen ' 
| | ce gyor® 


Box 6 feet square of 2 inch plank 
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